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aNVESTIGATION CF SPACE SHUTTLE OKBITEF 
SUSSONIC STABILITY AND CONTROL CHARACTERISTICS 
IN THE NAAL LOW SPEED WIND TUNNEL (OA62B) 
By Robert Mennell and Terrance Hughes 


Rockwell Inte.mational Space Division 


ABSTRACT 


Experimental aerodynamic investigations were conducted on a sting- 
mounted 0.0405-scale representation (model 43-0) of the 140A/B Space 
Shuttle Orbiter in the Rockwell International 7.75- by 11-Foot Low Speed 
Wind Tunnel during the time period frem 14 November 1972 to 6 December 
1973. The NASA designation for this test period was OA62B. 

The primary test objectives were to establish basic longitudinal 
stability characteristics in and out of ground effect as well as lateral- 
directional stability characteristics in free air. 

Two dual podded nacelle configurations (ABPS) were also tested, one 
with three dual podded nacelles on the lower wing surface at fuselage 
station 950. This configuration was tested in and out of ground effect. 
The other ABPS configuration included a single dual nacelle on the lower 
centerline and another dual nacelle pylon mounted above each wing. The 
overwing nacelle/pylon was toed in 5 degrees toward the model centerline 
and the nacelle was rotated 7 degrees nose down. This configuration was 
tested in ground effect only. 


Stability and control characteristics were investigated at nominal 


ili 


elevon deflections of 0°, 5°, 10°, 15°, -5°, -10°, -15°, -20°, -30° and 
-40°; rudder deflections of 0°, -7.96° and -16.22°; aileron deflections of 
0°, +5°, +10°, +15° ad -5° u7d in conjunction with elevon deflections of 
O°, +5°, +10°, -5°, -10° and -15°; rudder flare angles of 0°, 25°, 40°, 
55° and 85°; and body flap deflections of 0°, -1i.7%, +16.3° and +22.5°. 

The effects of various elevon and elevon/fuselage gaps on longitu- 
dinal stability and control were also investigated. Additional confi gu- 
rations tested included Reynolds number effect, boundary layer transition 
grit on and off, elliptical wing leading edge on the 45° swept portion 
of the wing, cargo bay door gaps and hinges, OMS pod gaps, vertical tail 
gaps and flow .isualization. 

Pressure bugs were used to determine pressures on the vertical tail 
at spanwise stations of n = 0.1228, 0.5CO and 0.878 and chordwise stations 
of x/c = 0.05, 0.15, 0.25, 0.45, 0.55, 0.65, 0.75, and 0.90. These were 
installed at 0° and 25° rudde: flare angles. An additional survey was 
made at 0° flare angle and OMS pods off. Rudder hingeline radii of 2.0 
and 4.94 inches were investigated along with a 6.12-inch radius contour 
on the rudder. Addition inputs to lateral-directional stability which 
were tested included a straight leading edge on the vertical tail and re-- 
contouring of the vertical tail airfoil section to a biconvex section. 

Aerodynamic force and moment data were measured in the stability axis 
system by an internally mounted, six-component strain gage balance (MK IX, 
2.5-inch diameter). The model was stingemounted with the center of rotation 


located at the trailing edge of the wing. The nominal angle of attack (a) 


iv 


range was from -4° to +30°. Yaw polers were recorded over a Sideslip angle 
(8) range of -10° to +10° at fixed angles of attack of U°, 5°, 10°, 15° 
and 20°. 

This report is published in two volumes. Volume I contains Data 
Figures 4 through 71. Volume II contains Data Figures 72 through 128 and 


the Tabulated Source Data. 
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INDEX OF DATA FIGURES (Concluded) 


SCHEDULE OF COEFFICIENTS PLOTTED: 


(A) 


(H) 


(T) 
(J) 


CL, CN, CAF, CAB, CDF, CLM, XCP/L, LF/DF versus ALPHA 
CL versus CLM 

CL versus CDF 

DCL, DCDF, DCLM, DCA, DCN versus DELVON 


CL, CN, CAF, CAB, CDF, CIM, XCP/L, LF/DF versus ALPHA 
CL versus CLM 

CL versus CDF 

DCL, DCDF, DCLM versus H/BW 


CY, CYN, CBL versus BETA 
CYNBET, CBLBET, CYBETA versus ALPHA 


CY, CYN, CBL versus ALPHA 
DCY, DCYN, DCBL, DCA, DCN versus AILRON 


CL, CDF, CLM versus ALPHA 
DCL, DCDF, DCLM, DCA, DCN versus BDFLAP 


CL, CDF, CLM versus ALPHA 

DCL, DCDF, DCLM, DCA, DCN versus SPDBRK 
CY, CYN, CBL versus ALPHA 

DCY, DCYN, DCBI, versus SPDBRK 


CL, CDF, CLM, CY, CYN, CBL versus ALPHA 
DCY, DCYN, DCBL, DCA, DCN versus RUDDER 


CY, CYN, CBL versus BETA 


DCL, DCDF, DCLM, DCA versus DELVON 
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SYMBOL 


od 


Cp 


L/D 


L¢e/D¢ 


SADSAC 
SYMBOL 


CA 


CAB 


CLM 


CBL 


CL 


CD 
CDB 


CDF 
CY 


CIM 
CIN 
CSL 
L/D 


LF/DF 





NOMENCLATURE (Continued ) 
Body-Axis System 


DEFINITION 


normal-force coefficient; pore. Soe 
q 


axial-force coefficient; aera sonce 
qv 


side-force coefficient; side force 
qs 
base force 


base-force coefficient; : 
q 


-Ap(Pp - Po)/as 


forebody axial force coefficient, C, - Cay 


pitching-moment coefficient; caer emia 
OSL REF 


yawing moment 


yawing-moment coefficient; 
qSb 


rolling-moment coefficient; see 
q 


Stebility-Axis System 
lift coefficient; at 
q 


drag coefficient; drag 
qs 


bese-drag coefficient; oe ee Te 
q 


= 


forebedy drag coefficient; Cp - Cp, 


side force 

qs 
pitching-moment coefficient; pitching moment 
aShrer 


yawing-moment coefficient; voning poment 


side-Porce ccefficient; 


rolling-moment coefficient; roars moment 
lift-to-drag ratio; Cr/Cp 
forebody lift-to~drag ratio CL. /Gp, 


iD 


SYMBOL 


Cp 


RN/L 


< 


o> 8 € BW R 


C.Re 
fey 


SUBSCRIPTS 


Bcnonro 





NOMENCLATURE 


General 
SADSAC 
SYMBOL DEFINITLON 
speed of sound; m/sec, ft/sec 
CP pressure coefficient; (p, - pao)/q 
MACH Mach number; V/a 
pressure; N/m“, psf 
Q( NSM ) dynamic pressure; 1/2pV", N/m“, psf 
Q( PSF ) 
RN/L unit Reynolds number; per m, per ft 
. locity; m/sec, ft/sec 
ALPHA | angle of attack, degrees 
BETA angle of sideslip, degrees 
PSI angle of yaw, degrees 
PHI angle of roll, degrees 
mass density; kg/m3, slugs/ft- 
Reference & C.G. Definitions 
base area; me, ft? 
BREF wing span or reference span; m, ft 
center of gravity 
LRaF reference length or wing mean 
aerodynamic chord; m, ft 
SREF wing area or reference srea; um, fto 
MRP | moment reference point 
XMRP moment reference point on X axis 
YMRP moment reference point on Y axis 
ZMRF moment reference point on Z axis 


base 

local 

static conditions 
totsl conditions 
free stream 
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NOMENCLATURE (Continued) 
Additions To Standard Nomenclature 


Plot 
symbol Symbol Description 


ABPS air breathing propulsion system 
A : 2 
BC balance cavity area, ft 
oh balance cavity axial-force coefficient 
C 
C nacelle internal duct drag axial-force coefficient 
“N correction 
he model weight tare axial-force coefficient correction 
C nacelle internal duct drag pitching-moment coefficient 
ON correction 
Cn balance measured pitching-moment coefficient 
u 
Flare SPDBRK speed brake deflection angle, degrees 
h/b,_ H/ BW distance between wing trailing edge and ground 
plane, fraction of wing span 
Pac balance cavity pressure, psia 
6. AILRON aileron deflection angle, degrees 
6. ELEVON elevon deflection angle, degrees 
56 ELEV-~-I, left elevon deflection angle, cegrees 
L 
6. ELEV-R right elevon deflection angle, degrees 
R 
5 SDF LAP body flap deflection angle, degrees 
op RUDDER rudder deflection angle, degrees 
17 : 


+ Mant ciate FAC dh SlelpmemnDapatiaiesiah, Totti Arvdattn <eaarand pam ave nme 
r > = = 4! Pry , “ ® 1 ' re ? 


oymbol 
XCP/2 


ACA 
ACD, 
on 
AC, 
ACy 


AC, 


ACy 


Plot 
oymbo] 
XCP/L 
DCA 
DCDF 
DCL 
DCLM 
DCN 
DCBL 
DCY 


DCYN 


CYBETA 


CYNBET 


CBLBET 





NOMENCLATURE (Coneluded) 


Description 


longitudinal center of pressure ! » ‘ation; 
fraction of body length. 


incremental axial force coefficient, algebraic 
difference of two runs. 


incremental forebody drag coefficient, algebraic 
differences of two runs 


incremental Jift coefficient, algebraic 
difference of two runs, 


incremental pitching moment coefficient, algebraic 
difference of two runs, 


incremental normal force coefficient, algebraic 
difference of two runs. 


incremental rolling moment coefficient, algebraic 
difference of two runs. 


incremental side force coefficient, algebraic 
difference of two runs. 


incremental yawing moment coefficient, algebraic 
difference of two runs, 


derivative of side force coefficient with respect 
to beta (beta = +5°); per degree, body axis system. 


derivative of yawing moment coefficient with respect 
to beta (beta = +5°): per degree, body axis system. 


derivative of rolling moment coefficient with respect 
to beta (beta = +5°); per degree, body axis system. 
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CONFIGURATIONS INVESTIGATED 


The model used for this test period was an 0.,0405-scale representation 
of the Rockwell International 140A/B Space Shuttle Orbiter. Tne basic 
model is of the blended wing-body design utilizing a double delta wing 
(75°/45°A, Ds full span elevons (unswept hingeline), a centerline verti- 
cal tail with rudder and/or speed »brake capability, a canopy, and an 
orbital manuevering system (OMS). To test the orbiter in the ferry mission 
configuration, the OMS pods are removed and air breathing engines are lo- 
cated in various number/location combinations on the wing and fuselage. 

During the air breathing propulsion system (ABPS) testing, the left 
hand engine pod was instrumented with an 3 tube static pressure and 17 
tube total pressure rake located at each engine face station. This pressure 
instrumentation wus used to determine engine pressure recovery and to check 
on the repeatability of nacelie inlet assembly. 

For this test pericd the following nomenclature was used to designate 


tne various model components: 


Component Description 

Bog -l4QA/B fuselage 

Beo Bag with simulated cargo bay door gaps added 
Bo 3 Boo with simulated cargo bay door hinges added 
Co -140A/B canopy 

Gis Main and nose landing gear plus doors 
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-140A/B orbital manuevering system (OMS) 


ML with simulated gap 
-140A/B Orbiter body flap 


-140A/B Double delta wing Ta PAS eA, F ) 


Wiig With elliptical lewer surface L.E. on 4s° 
sweep portion of wing 


~140A/B Solid elevon used on wing Wace 


Elevon with midspan and elevon/fuselage baseline 
"Grumman" gap 


Elevons with various combinations of midspan and 
elevon/fuselage gaps. See Model Dimensional Data 


Air Sreathing Propulsion System (ABPS) consisting 
or three underwing pylon mounted dual podded nacelles 
located at Fuselage Station 950 


Air Breathing Propulsion System (ABPS) consisting 
of a single centerline lower wing surface aual 
nacelle (FS 950) and a pyion-mounted dual nacelle 
above each wing (FS 1050) 


-14056/B vertical teil 


Va with vertical tail/rudder thermal expansion 
gap open 


Vertical tail used with rudder hingeline modification 


RY 


Vertical tail used with rudder hingeline modification 
Rg 
Vertical tail used with rudder hingeline modification 


Ro 


Vertical tail used with rudder Rig moditication 
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Same as “8 except L.E. of vertical taii is extended 


forward at the vertical/fuselage intersection 


jsaume as V, except contour forward of the rudder 
hirgeline is modified tc a biconvex section 


~LLOA/B rudder used on vertical tail Vo 


oame as R. except for 2.09 ‘nch radius at rudder 
hingeiine 


Same as R. except for 4.94 inch radius at ruduer 
hingeline” 


Sare as R. except for 6.12 inch radius from rudder 
hing2line’ to rudder TL 


Same as R. excent the 6.12 inch radius is on the 
entire gertieal aft of the rudder hingeline 


Transition »rit composed of giass beads located aft 
of all swept. surfaces and model. nose 


Same a Xy except also added to ABPS nacelles 


ol 


TEST FACILITY DESCRIPTON 


The North American Aerodynamics Laboratory (NAAL) 7.75- by 1l1l-Foot 
Wind Tunnel is a continous flow, closed circuit, single return type tunnel 
capable of speeds up to 200 miles per hour. The test section is vented to 
atmospheric pressure and is 7.75 x 11 feet wide by 12 feet in length. 

Power is supplied by a 1250 horsepower nacelle-mounted synchronous motor 
driving a 19 foot, seven blade, laminated birch propeller. The airspeed 
is controlled by varying the degree of coupling between the motor and pro- 
peller by means of a magnetic clutch. A damping screen and honeycomb sec- 
tion in the settling chamber upstream from the contraciion cone (ratio 
7.53 to 1) minimizes turbulence in the test section. The NAAL Wind Tunnel 
has been in operation since June 1943 and calibrations are available over 
a wide range of test conditions. 

Tests may be conducted using a variety of mounting systems; e.g., a 
single strut, double strut, sting strut, reflection plane, cable suspension, 
and two dimensional wall. Aerodynamic data may be measured by a planar 
type external balance system or sting mounted internal balances. An Astro- 
data Automatic Data Acquisition System is used to collect, multiplex, 
digitize, and record 50 channels of force and/or pressure data on magnetic 
tape. This data is then rapidly reduced and plotted using automatic data 


processing equipment and an automatic digital plotter. 


Fadl 
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DATA REDUCTION 


Tne aerodynamic force and moment data presented were measured by the 
Task Corporation 2.5-inch MK IX strain gage balance. The data have been 
corrected for model base and balance chamber pressure effects, nacelle 
internal drag, model blockage influence on tunnel dynamic pressure, wall 
interference effects, sting and balance deflections, and model weight tare. 


The corrections made to axial force were accomplished in the following 


manner. 
Cc, =C¢, -C =C¢. = CC. «= 
Ap AA Ag AA 
where 
>) 5 

: ea Ty. hie 
C =-— | q ae 

ARC W 

Pp. - Pp A 
= ii __ 3B = Ae 

A. ( )( : is Nae ae (Pay +,..¢ Pas) 


<a 
J 


= nacelle internal draz correction 


C3 
! 


= model axial force weight tare 
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The correction made to pitching moment to account for the nacelle 


internal drag was as follows: 


3 


shea ied SRaeal Ab 


where: 


uncorrected pitching moment 


©2 
H 


nacelle internal drag correct %n 


©2 
it 


CONFIG. Cc 
"N 
Jy3 0.00069 
Igo 0.00012 


The following reference dimensions were used for reducing all aero- 


dynamic data to coefficient form: 


Symbol Definition Value 

he Area of base (OMS on), ft* 0.594 
r) 

Ap Area of base (OMS off), ft~ 0.440 
-) 

Mac Area of balance cavity, ft~ 0.0985 

: 2 

S, Area of wing, ft 4,412 

XMRP Center of gravity, fus. sta., in 43.5974 

ZMRP Center of gravity, waterplane, in 15.1875 

La Length of orbiter body, in 52.257 

¢_(LREF ) Wing MAC, in 19.230 

b (BREF) Wing span, in 37.936 
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TABLE III. - MCDEL DIMENSIONAL DATA 


MODEL COMPONENT —popy ay 
GENERAL DESCRIPTION Orbiter fuselage copficuration 140 A/B 








— MODEL SCALE: 0.0805 
CRAWING NUMBER = _VL70-000193, VL7O-0001WOA 


DIMENSIONS FULL SCALE MODEL SCALE 
Length (Body nose @ X,=236.)-In. —129.30 __§2.257_ 
Max Width (Xj = 1520 In.) - In. — 262,00 _ 0.611 _ 
Max Depth (X= 1464 In.) - In. __ 250.00. __ 10.125 
Fineness Ratio a ke <) eee WA: -o eae 
Areo- “t. <<< eeu 
Mox. Cross-Sectional sh - - ee >>|: 
Planform re 
Wetted es Ga 
Bose <r 0 eee 
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TABLS III. = MODEL DIMENSIONAL DATA «- Continued. 


MODEL COMPONENT : BODY - Boo 
GENERAL DESCRIPTION ___Orbiter fuselace configuration 140 A/B with 


simulated cargo bay door gaps and thermal expansior joints. All gaps 
are 1.50" deep (full scale); all longitudinal gaps are 0.500" wide 
pr nr 





(full scale); lateral gaps vary in width from 0.500 to 2.830" (Full scale). 


pe gr pe SS SS SS a) 


MODEL SCALE: 0.0405 
DRAWING NUMBER _VL70-000193, VL70-000L404 





DIMENSIONS . FULL SCALE MODEL SCALE 
Length (Body nose @ X, =238.0)-In. 1200.30 ae ’-47-> | Ge 

Max Width(x, = 1520 In.) - In. —~262,00 10,611 

Mox Depth (X, = LaA! In.) - In. _e9v.00_ | __10.125 
Fineness Ratio eee ri: -L ee > 

Areo - Ft® ——aaaa 

Max. Cross—Sectional eet 9 nd. 

Plonform Cia 

Wetted Ser 

Base —a ee 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT :__BODY - Boa 
GENERAL DESCRIPTION : _ Orbiter fuselage ccenfiguration 140 A/B with 


simulated cargo bay door hinges along waterplane Z, - 420.00( sill 
ie) 50) | eee ee eee a 
DRAWING NUMBER’ __VL70-000195, VL70-O001HOA 


DIMENSIONS FULL SCALE | MODEL SCALE 


Length (Body nose @ X,=238) - In._.1290,30 a te Pt 
Max Width (xX, = 1520 In.) - In. — 262.00 ___10.6)) 


Max Depth (X, = 1464 In.) - In. 250.00 10.125 
Fineness Ratio 4.925 4.925 
Area - rte oie 


Mox. Cross—Sectional 


Planform 
Wetted 


Base een 


LONGITUDINAL LOCATION OF HINGES (FUS.STA.): 


whe Ta marnln MeAEN, 2 tala tint AN 1 eh RET AAS WET Wt LAA bee PLN ~hense, 


20 


FULL SCALE MODEL SCALE FULL SCALE MODEL SCALE 
xX, 602 .50 24.401 | X. 1033.40 41.853 

669.80 27.127 1100.45 4h 568 

737.30 29.861 1144.20 46. 340 

783.55 31.734 1204 .20 48.770 

850 .60 34.449 1264.20 51.200 

917.65 37-165 1293.00 52. 367 

966 . 35 39.137 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


SO EIMCONOONEN TE: CAMO Cee ota cee 


GENERAL DESCRIPTION 


Orbiter canopy Configuration used on BODY 


Bo cr 





___ MODEL SCALE: 0.0405 


reer eee AL SA 


Shae A <cTa 


DRAW:NG NUMBER 


DIMENSIONS 
Length (x, = 434.64 670.00)-In. 
Max Width (X, = 513-13) - In. 
Max Depth (Xx, = 485.00 - In. 


Fineness Ratio 

Area 
Max. Cross—Sectional 
Planform 
Wetted 


Base 


a1 


FULL SCALE 


; 


152.41 


: 


25.00 
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VL7TO-OOO140A, VL/O -00014 3A 


MODEL SCALE 


6.173 





1.013 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: _ ELEVON- Fog —ss—sSsSSCis™ 


GENERAL DESCRIPTION: Orbiter elevon conficuration used on WING Wiig, 


DOES NOT HAVE ELEVON GAPS. 





MODEL SCALE: 0.0405 


DRAWING NUMBER: VL70-000400, VL70-0001L40B 


DIMENSIONS: (paTa FOR 1 OF 2 SIDES) 


Area - Ft® 

Span (equivalent) - In. 

Inb'd equivalent chord - In. 
Outb'd equivalent chord - In. 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 

At Outb'd equiv. chord 
Sweep Back Angles, degrees 

Leading Edge 

Trailing Edge 

Hingeline 


Area Moment (Normal to hinge line)-Ft> 


52 





: : | PPinenninrenannanasimeazertenintrm tye ncin ret rei st mine eet an neh eda neat onthe mo 
ra 


FULL-SCALE 


223.58 
368. 34 
119.62 
55.19 


0.210 


0.400 


aoe 
- 10.056 
Q .000 


851.15 


MODEL SCALE 


0.367 

Wk.g18 
4.845 
2.235 


0.210 


0.400 


9.000 
- 10.056 
0.000 


0.057 


TABLE III. MODEL DIMENSIONAL DATA - Continued. 


| MODEL COMPONENT: _ELEVON - Epg 





GENERAL DESCRIPTION: Llevon configuration used with WING - W116, has a 


elevon-fuselage gap. Tnese two gaps are referred 


to as baseline Grumman gaps, configuration 1L-A. 
_. _MO S - 0.Q0 


DRAWING NUMBER: 


DIMENSIONS: (DATA FOR 1 OF 2 SIDES) FULL -SCALE MODEL SCALE 
Area - Ft” 223.58 0.367 
Span (equivalent) - In. 368. 34 14.918 
Inb'd equivalent chord - In. 119.62 4. B45 
Outb'd equivalent chord- In. 55.19 2.235 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord __0.210 0.210 
At Qutb'd equiv. chord ___ 9.400 0.400 


Sweep Back Angles, degrees 


Leading Edge 0.000 _0.000 
Trailing Edge - 10.056 - 10.056 
Hingeline ___9.000 0.000 
Area Moment (Normal to hinge line) - Ft? 851.15 0.057 


‘ 


23 





TABLE III. - MODEL DIMENSIONAL DATA - Continued. | 
MODEL COMPONENT: ELEVON - Eog 


GENERAL DESCRIPTION: Elevon configuration used with WING - Wie nas a 


midspan gap and an alternate #) elevon/fuselage gap, configuration 


L-B. : 


MODEL. SCALE: Q.QUuOS 


DRAWING NUMBER: 


DIMENSIONS: (DATA FOR 1 OF 2 SIDES): FULL -SCALE MODEL_SCALE 
Area - Ft’ 223.58 Q. 367 
Span (equivalent) - In. 368. 34 Lh 918 
Inb'd equivalent chord - In. 119.62 4.845 
Outb'd equivalent chord- In. 55.19 2.235 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.210 Q.210 
At Outb'd equiv. chord 0.400 0.450 
Sweep Back Angles, degrees 
Leading Edge __0.000 _ 0.000 
Trailing Edge -10.956 - 10.056 
Hingeline Q.000 9.000 
Area Moment (Normal to hinge line)-Ft.3 gc. 15 0.057 


% 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: _ELEVON- Baye 


GENERAL DESCRIPTION: Elevon configuration used with WING, W316, has a _ 
mid-span and an alternate elevon/fuselage gap. These two 


aps are referred to as baseline Grumman gaps, configuration 1-C. 


MODEL SCALE: 0.040 


DRAWING NUMBER: 


DIMENSIONS: (DATA FOR 1 OF 2 SIDES) FULL-SCALE MODEL SCALE 
Area - Ft 223.58 0.367 
Span (equivalent) - In. 368. 34 14.918 
Inb'd equivalent chord - In. 119.62 4.845 
Outb'd equivalent chord - In. 55.19 2.235 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord Q.210 0.210 
At Outb'd equiv. chord 0.400 0.400 


Sweep Back Angles, degrees 


Leading Edge __0.000 _ _ 0.000 

Trailing Edge - 10.056 - 10.056 

Hingeline 0.000 0.000 

Area Moment (Normal to hinge line) -Ft? 651.1 0.057 
29 
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TABLE III. -MODEL DIMENSIONAL DATA. Continued. 


MODEL COMPONENT: ELEVON ~ E37 


GENERAL DESCRIPTION: Elevon configuration used with WING, W,,¢, has an 


S elevon fa configuration 2A. Baseline Grumman 


__ gap, configuration 2A). ——(iisi—‘“‘“‘“‘“‘“‘sCS 
MODEL SCALE: 0.0405 


DRAWING NUMBER: 


DIMENSIONS: (DATA FOR 1 OF 2 SIDES) FULL-SCALE MODEL SCALE 
Area - £t© 223.58 0. 367 
Span (equivalent) - In. 368. 34 14.918 
Inb'd equivalent chord - In. 119.62 4.845 
Outb'd equivalent chord - In. 55.19 2.235 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.210 0.210 
At Outb'd equiv. chord 0.400 02400 


Sweep Back Angles, degrees 


Leading Edge __ 0.000 9.000 

Trailing Edge - 10.056 - 10-056 

Hingeline 9.000 9.000 
Area Moment (Normal to hinge line) 2 _851.15 0.057 


% 
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TABLE III. ~ MODE, DIMENSIONAL DATA - Continued. 


| MODEL COMPONENT: ___ELEVON Ean 


GENERAL DESCRIPTION: Levon configuration used with WING, W., has 


____a midspan yap and an alternate #1 elevon/fuselage gan. These two—— 
paps are referred to as bas Le 


MODEL SCALE: 0.0405 


a a cep A I A eS 


ORAWING NUMBER: 


DIMENSIONS: (DATA for 1 OF 2 SIDES): FULL-SCALE MODEL SCALE 
2 
Area ~- ft 223.58 OQ. 367 
Span (equivalent) - In. __ 368.34 14918 ~. 
Inb:d equivalent chord - In. 119.62 BAS 
Qutb'd equivalent chord - In. 55.19 2235 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.210 0.210 

At Outb'd equiv. chord Q.400 Gu00 
Sweep Back Angles, degrees 

Leading Edge 0.000 _. 24.000. 

Trailing kdge 10.056 __ —>—10.,056 

Hingeline 0.900 Q.,.000 
Area Moment (Normal to hinge line) -ft> 851.15 0.057 


aT 





TABLE IIT. — MODEL DIMENSIONAL DATA _ Continued. 


MODEL COMPONENT: __ELEVON - E23 | 


GENERAL DESCRIPTION: ile C sed with WING, W 


has an 
alternate dspan elevon gap, configuration 2B. This is baseline 
Grumman gap, configuration 2B. 
MODEL SCALE; 0.0405 
DRAWING NUMBER: 
DIMENSIONS: (DATA FOR 1 OF 2 SIDES) FULL-SCALE MODEL SCALE 
Area _ pt.e 223.58 0.367 
Span (equivalent)- In. 368.34 14.918 
Inb'd equivalent chord - In. 119.62 4 B45 
Outb'd equivalent chord - In. 55.19 2.235 
Ratio movable surface chord/ 
total surface chord 
At Inb'd equiv. chord 0.210 Q.210 
At Outb'd equiv. chord 0.400 Q.400 
Sweep Back Angles, degrees 
Leading Edge 0.000 0.000 
Trailing Edge -10 .056 -_ 19.056 
Hingeline 0.000 0.000 
Area Moment (Normal to hinge line) -ft> 851.15 9.057 


% 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODE’. COMPONENT; _ ELEVON - Ba, 


GENERAL DESCRIPTION: Elevon configuration used with WING, Wi4¢, has an 
alternate midspan elevon gap. This gap is referred to as baseline 


Grumman gap, Configuration 3A. 


MODEL SCALE: 0.0405 


Neen eee eee eee eres ee een ae ammrmeneennen mmm eimai teste cama aaa ashame saat etamaaasasasammaamaaaaasaaiaramadaaaaaasaassaamacasaanscaaaaaaaaiaaaaial 


ORAWING NUMBER: 


DIMENSIONS; (DATA FOR 1 OF @ SIDES) FULL-SCALE MODEL SCALE 
Area - ft° 223.58 0.367 
Span (equivalent) - In. ___ 368.34 14.918 
Inb'd equivalent chord - In. 119.62 BAS 
Qutb'd equivalent chord- In. 55-19 2.235 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.210 0.210 


At Outb'd equiv. chord 0.400 0.400 


Sweep Back Angles, degrees 


Leading Edge ____0.000 _ 0.000 

Trailing Fége - 10.056 -10 .056 

Hingeline 0.00 0.00 

Area Moment (Normal to hinge line)-ft> 851.15 0.057 
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TABLE III. - MODEL DIMENSIONAL DAT“ - Continued. 


MODEL COMPONENT: CELEVON- F350 


GENERAL DESCRIPTION: Elevon configuration used with WING, W,,¢6, has an 
evon/fuselege gap. These two gaps are referred to 
as baseline Grumman gaps, Configuration 3B. . 


MODEL SCALE: 0.0405 


DRAWING NUMBER: 


DIMENSIONS: (DATA FOR 1 OF 2 SIDES) FULL-SCALE MODEL SCALE 
Area - £t° 223.56 0.367 
Span (equivalent) - In. 368 . 34 14.918 
Inb'd equivalent chord In. 119.62 4. B45 
Outb'd equivalent chord - In. 19 2.239 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.210 0.210 
At Outb'd equiv. chord 0.400 0.400 


Sweep Back Angles, degrees 


Leading Edge 0.000 __ 9.000 
Trailing Edge -10.056 -10.056 _ 
Hingeline 0.00 0.00 
Area Moment (Normal to hinge line) -ft> 952-15 0.057 
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TABLe IIT. ~ MODE, DIMENSION:.L DATA ~ Continued. 


MODEL COMPONENT: ELEVON - £36 


GENERAL DESCRIPTION: _Elevon configuration used uth WING We-< be 


____ alternate 4e-clevon/fuselage gap. These gaps are referred to as 
baseline Grumman gaps, configuration 3C. 
MODEL SCALE; 0.0405 


DRAWING NUMBER: 


DIMENSIONS: (DATA FOR 1 OF 2 SIDES) FULL-SCALE MODEL SCALE 
Area rte 223.58 0. 357 
Span (equivalent) In. 368, 34 14.918 
Inb'd equivalent chord In. 119.62 2.235 
Qutb'd equivalent chord - In. 55,19 2235 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 9.210 0.210 
At Outb'd equiv. chord Q 400 400 
Sweep Back Angles, degrees 
Leading Edge _ 9.0909 9.000 
Trailing Edge -_ 10.056 10.056 
Hingeline 9.0 | 0.0 
Area Moment (Normal to hinge line) rt 851.15 0.057 


‘ 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT :_ BODY FLAP - Fg 
GENERAL DESCRIPTION _ Orbiter body flap configuration used on 


BODY - Boé 


See ~ 








DRAW:NG NUMBER  VLZ0-OO014OB, VL70-000400 


DIMENSIONS 


Length - In. 

Mox Width - In. 

Max Depth - In. 

Fineness Ratio 

Area . He 
Max. Cross-Sectional 
Plantorm 
Wetted 


FULL SCALE 


F 


23.00 








itil 


MODEL SCALE 


i Be, 
——10.,.623 
0.932 
e229) 
an oe’ <<: a 





TABLE III. - MODEL DIMENSIONAL DATA - Continu2d. 


COMPONENT MODEL: LANDING GEAR - Gi5 


GENERAL DESCRIPTION: 


MODEL SCALE: 0.0405 
DRAWING NUMBER: VL70-0001404/SS-400149 
DIMENSIONS: 

NOSE GEAR: 


No. wheels 
Wheel axis: 
Fuselage Stetion 
Waterline 
Pivot axis: 
Fuselage Station 
Wa*+erline 
Strut Diameter - In. 
Wheel diameter - In. 
Wheel Width - In. 
Wheel centerline-to-centerline width-iIn. 
Side Door: 
Height (follows body contour) - In. 
Leading Edge location, F.5S. 
Trailing Edge location, F.S. 


MAIN GEAR: 


No. of wheels 
Wheel axis: 
Fuselage Station 
Waterline 
Pivot Axis 
Fuselage Station 
Waterline 
Main Strut Diameter - In. 
Wheel Diaweter - In. 
Wheel Width - In. 
Wheel centerline-to-centerline width-In. 
Side Door: 
Length - In. 
Width - In. 


63 


FULL SCALE 


Main and nose landing gear doors and assemblies. ; 


MODEL SCALE 


2 


l -208 
ies 
0.75 

11.0 


15 LES 





TABLE III. ~ MODEL DIMENSION -L DATA _ contin ed. | 


MODEL COMPONENT; AIR BREATHING PROPULSION SYSTEM - J 

GENERAL DESCRIPTION: Six underwing engines installed in three nacelle 
pods. Inlet has short cowl, fi cowl lip angle, short flow diverter, and 
7° diverter lip angle. Baseline engine position @ F.S. 950. 


MODEL SCALE; 0.0405 


DRAWING NO.: SS-A00139, Ss-AO1159 








DIMENSION (EACH NACELLE): FULL SCALE MODEL SCALE 
Length - In. 209.51 8.485 
Max. Width - In. 66.00 2.673 
Max. Depth - In. 66 .00 2.673 
Max. Pylon Width, In. 19.75 0.800 
Area - In.* 

Max. Cross-Sectional 2737 -30 4.490 
Capture 1900 .92 3.118 
Wetted 
Base 
*Nacelle Sta. 0.0 @ WING PODS §, PODS 
Outboard Inboard Left Right 

Model Sta. - In. 38.475 38.475 38.475 38 O75 

Waterplane - In. 9.665 9.665 9.310 9.310 

Buttock Plane - In. + 11.583 + 8.910 - 1.337 + 1.337 

Incidence Angle - Deg. 3-933 3-933 3-933 3-933 

Nacelle Clearance 0.608 0.608 Q.142 0.142 

Toe-In Angle 5.000 4.000 0.0 0.0 


*#Al) numbers in model scale 
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TABLE III. - MODEL DIMENSIONAL DATA —- Continued. 


MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - J¢o 


GENERAL DESCRIPTION: Six engines installed in three nacelle pods, one 
centerline underwing, two overwing. Inlet has short cowl, qe lip angle, — 
short flow diverter, and c diverter lip angle. Baseline engine position 
@ F.S. 950 centerline and 1050 wing pods. 


MODEL SCALE; 0.0405 


DRAWING NUMBER: SS-00139, SE&-AOLL59 





DIMENSIONS (EACH NACELLE) FULL SCALE MODEL SCALE 
Length - In. 209.51 8.485 
Max. Width - In. 66 .00 2.673 
Max. Depth - In. 66.00 2.673 
Max. Pylon Width - In. 19.75 0.800 
AREA - £t° 

Max. Cross-Sectional 27 37 «30 4.490 
Capture 1900.92 3.118 
WING PODS CENTERLINE POD 

*NACELLE STA. 0.0 @ OQutb'd Inb'd Left Right 

Model Sta. - In. 42.525 h2.525 38.475 38 ive 

Waterplane - In. 15.180 15.180 9.310 9.310 

Buttock plane - In. + 11.583 +68.910 - 1.337 +1.337 

Incidence Angle - Deg. - 7-000 - 7.000 3.933 3.933 

Nacelle Clearance - In. 1.215 1.215 0.142 0.142 

Toe-In Angle - Deg. 5.000 5.000 0.0 0.0 


*All numbers in model scale. 
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TABLE ITI. ~ MODEL DIMENSIONAL DATA _ Continued. 


MODEL. COM RON ENT eee ee a 
GENERAL DESCRIPTION : ___OMS Pods used on BODY - Bog 











MODEL SCALE: 0.0405 














DRAWING NUMBER: _VL70-O00L4OA, VL70-000145 
DIMENSIONS - FULL SCALE —- MODEL SCALE 
Length (Fwd Sta. @ X,= 1233.00) In. 327.00 13.244 
Max Width (X, = 1450.00) - In. Qh .50 3.827 
Max Depth (xX, = 1493.00) - In. _ 109.00 41S 
Fineness Ratio a 
Area 
Max. Cross—Sectional SE et ee eR 
Planform ei ree BR a 
Wetted 
Base 
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TABLE TII. - MODEL DIMENSIONAL DATA ~- Continued. 


MODEL COMPONENT :_ORPITAL MANEUVERING SYSTEM PODS - Mca 
GENERAL DESCRIPTION - __Configuration 34 with thermal expansion joint 


gap, 2.930" wide and 1.50" deep (full scale). 


MOD SOA es 10 Os 


DRAWING NUMBER” __VL70-0001404, VL7OQ-000145 


DIMENSIONS FULL SCALE MODEL SCALE 


Length (OMS Fwd Sta. X)=1233.0) Inn 307,000) 22.244 
Max Width (@X, = 1450.0) - In. 94.500, ___ 3. B27 
Max Depth (@ X = 1493.0) - In. 209,000, 
Fineness Ratio 

Area ee a ee 


Mox. Cross—Sectional 


Planform 
Wetted 


Base es eee ae 


67 


TABLE III. - MODEL DIMENSIONAL DATA ~ Continued. 


MODEL COMPONENT: RUDDAR - Re 


GENERAL DESCRIPTION: Orbiter rudder used on Vertical Tail, Vg. See 


Figure 2 (Cont'd). 


— ee LL heer 


MODEL SCALE: 0.0405 


DRAWING NUMBER: 


DIMENSIONS: 


Area - £t° 

Span (equivalent) - in. 

Inb'd equivalent chord - In. 
Outb'd equivalent chord - tn. 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 

At Outb'd equiv. chord 
Sweep Back Angles, degrees 

Leading Edge 

Trailing Edge 

Hingeline 


Area Moment (Normal to hinge line) ¢+3 
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—~VL7O=000095.,.SS- A00088 


FULL-SCALE 


—20¢-38-— 
—eQL.00 


526.3 


MODEL SCALE 





TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: JRUDDER = Rp 


GENERAL DESCRIPTION: Orbiter rudder used on Vertical Tail, Vg, with a 


2.09 inch leadi edge radius (at the rudder hingeline). 


NN SS a ref ee pseu 


MODEL SCALE: 0.0405 


DRAWING NUMBER: VL70-000095, 5S-A00088 


DIMENSIONS: FULL-SCALE 


MODEL SCALE 
Area - f° 106.33 — OATH 
Span (equivalent) - tn. 201.00 Bk) 
Inb'd equivalent chord - fn. 91.59 3.709 
Outb'd equivalent chord: In. 50.83 2.059 
Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 0.400 0.400 

At Outb'd equiv. chord 0.400 0.400 
Sweep Back Angles, degrees 

Leading Edge 34..830 34.830 

Tailing Edge 26 .250 26.250 

Hingeline 34.830 34.830 
Area Moment (Normal to hinge line) -£t> 526.13 0.035 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: RUDDER - Reg 





GENERAL DESCRIPTION: Orbiter rudder used on Vertical Tail, Va, with a 
4.94 inch radius at the leading edge radius (at the rudder hingeline). 


a pee se EE A 


__ MODEL SCALE: 0,005 


DRAWING NUMBER: Vu(0-000095 , SS-A£00088 

DIMENSIONS: FULL-SCALE MODEL SCALE 
Area £t* 106. 38 0.174 
Span (equivalent) - In. 201.00 8.141 
Inb'd equivalent chord In. 91.59 3.709 
Qutb'd equivalent chord - In. 50.83 2.059 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0400 9.400 

At Outb'd equiv. chord 0.400 0.400 
Sweep Back Angles, degrees 

Leading Edge __34.830__ _ 34.830 

Trailing Edge 26 .250 26.250 

Hingeline 34.83 34.83 
Area Moment (Normal to hinge line) ft 526.13 0.035 
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TABLE III. - MODEL DIMENSIONAL DATA _ continued. 


MODEL COMPONENT: RUDDER - Ro sss 


GENERAL DESCRIPTION: Orbiter rudder used on Vertical Tail, Vg, with a 


6.12" radius contour aft of rudder bingeline to the trailing edge. 





MODEL SCALE: 0.0405 __ 


DRAWING NUMBER: VL7F00000095,— SS-A00088 


Area - ft 1O6. 38 9175 
Span (equivalent) - in. 201.00 8 
Inb'd equivalent chord In. 91.59 3.709 
Outb'd equivalent chord In. 50.83 2.059 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 9.400 9.400 
At Outb'd equiv. chord 0.400 Q.. 400 
Sweep Back Angles, degrees 
Leading Edge 34.830 34.830 
Trailing Edge 26.2 26.250 
Hingeline 34.83 34.83 
Area Moment (Normal to hinge line) -rt3 526,33 0.035 


) 


igi 





TABLE III. -— MODEL DIMENSIONAL DATA -~ Continued. 


MODEL COMPONENT : RUDDER - Ry, 


GENERAL DESCRIPTION: Orbiter rudder used on Vertical Tail, Vg, with a 


6.12-inch radius contour extending from the root to the tip chord of 
the vertical tail aft of the rudder hingeline. . 


MODEL SCALE: 0.0405 


DRAWING NUMBER: VL7O-000095, SS-A00088 
Area - rt’ 106,38 coe @ Pe iy d= ee 
Span (equivalent) ~- Zn. 201,00 814) 
Inb'd equivalent chord - fn. 91.59 2.709 
OQutb'd equivalent chord - In. 50.83 2.059 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.400 0.400 
At Outb'd equiv. chord 0.400 0.400 


Sweep Back Angles, degrees 


Leading Edge 34.830 34.830 

Traiiing Edge 26.250 26.250 

Hingeltne 34.83 _ 34.83 
Area Moment (Normal to hinge line) -ft3 526.13 9.025 


“ 


Te 


TABLE III. -- MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: VERTICA ~ 
GENERAL DESCRIPTION: Centerline vertical tai: with rudder and/or speed brake 
eee 1S Le eee ae a eee ee ae eee ee ane eee eae 





MODEL SCALE: 0.0405 oT ae aes ee ae 








DRAWING NUMBER: YLZ0-O00L40A, VL790-000146A, 3SS-A00088 
DIMENS LONS : FULL-SCALE MODEL SCALE 
TOTAL DATA 
Area (Theo) - Ft@ ee ae ere 
Plan form za Oe =1- aoe —O.438__ 
Span (Theo) - In Ce ae Ee (o Game 
Aspect Ratio face Oe oy am Wy ee 
Rate of Taper pune ba-'ov Se eae: Bas Ses 
Taper Ratio — Oko —OkOk 
Sweep Bach Angles, degrees 
Leading Edge mw O00. aI we's's 
Trailing Edge 2B 2594.7 
0.25 Element Line er 9 Wehea U'¢ ee i130 
Chords: - In. 
Root (Theo) WP 228.50 12.874 
ae (Theo) WP 108.47 4 393. 
MAC 206 Gis ~.092 
Fus. Sta. of .25 MAC 1403.50 aio y= eee 
W. P. of a 94 Ogos a. Lis a 
B, Le of «25 MAC awa’ ay =. Cetin 
Airfoil Section 
Leading Wedge Angle - Deg 19.000 22,000 
Trailing Wedge Angle - Deg wt O20. 24.920 
Leading Edge Radius - % Chora oe ah 
Void Area ps 8 hy pas ee 2a 


Blanketed Area 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: VERTICAL < V 9 
GENERAL DESCRIPTION: _ Centerline vertical tail with rudder and/or speed brake 
wow ebabilLity aod with groove slong the midder bingeling . eee 





Seen 630) Piao 071 RR 60.6 Ene 





DRAWING NUMBER: WLZO-0001L0),VL70-0001454,, 35-A00088 
DIMENSIONS : FULL -SCALE MODEL SCALE 


TOTAL DATA 
Area (Theo) - Ft® 


Planform 4) 2425. : i ‘675. ; 
Span (Theo) -In 315.72 12.787 
Aspect oe L.AZ5 L.AZ5 
Rate of Taper: 

Taper Ratio a tok a tat 
Sweep Back Angles, degrees 

Leading Edge 45 000 45.000 

Trailing Edge 25.947 25.947 

0.25 Element Line 4) 230 4130 
Chords; 

Root (Theo) WP 268 .50 12.874 

Tip (Theo) WP 108.47 4. 293 

MAC ee Bis. hsoee- 

Fus. Sta. of .25 MAC 1463.50 59.272 

We. P. of oe MAC 635.52 25.738 

B. L. of «25 MAC 9.00 7 .O0 
Airfoil im en er - 

Leading Wedge Anale - Deg 10.000 

Tralling Wedge Angle - Deg uy 20 14.920 

Leading Edge Radius IRA: 1.466 
Void Area 13.17 0.922 


Blanketed Area 


7h 


TABLE ITI. - MODEL DIMENSIONAL DATA ~- Continued. 


MODEL COMPONENT: VERTICAL = V5 











, GENERAL DESCRIPTION: Centerline vertical tail with ridder ani/or speed brake 
capability with a 2.0 ch radius 
RUDDER - Re. 
DRAWING NUMBER: | VLZQ-QO0L4OA, VL70-0001464, SS-A00088 
DIMENSIONS ; FULL -SCALC MODEL SCALE 
TOTAL DATA 


Area (Theo) - Fté 


Pilanform J. 
Span (Theo) -In oe a 


Aspect Ratio L675 L675 


Rate of Taper 
Taper Ratio Blok HT 


Sweep Back Angles, degrees 


Leading Edge 45.000 45.900 
Tratling Edge 25 O47 25,947 - 
0.25 Element Line 41% 41130 
Chords: 
Root (Theo) WP _ 268.50 10.874 
Tip (Theo) WP 108.47 4. 393 
MAC 199,81 Boo 
Fus. Sta. of .25 MAC 1463.50 59.272 
W. P. os ase MAC 635.52 25.738 
B. be 0 « 5 MAC 4 
Airfoil Section a 
Leading Wedge Angle - Deg 10.200 19.909 
Trailing Wedge Angle Deg 14.920 Us 920 
Leading Edge Radius WAS 1 béé 


Void Area 13.17 ee 
Blanketed Area 


T5 








TABLE III. - MODEL DIMENSIONAL P:.TA - Continued. 


MODEL COMPONENT: VERTICAL ~ V 43 


GENERAL DESCRIPTION: Centerline vertical tai) with rudder and/or speed prake 
ao Sabo yand 94 inch radius st rudder bingeline. Used pith 





eee «(0 10)0) 1 CSC 
RRS » ©) A FS OF Uf Le IA9 | -0 by RR ea a 
DRAWING NUMBER: YL70-000) 40a, VL70-0001 464, SS-A00088 
DIMENS LONS : FULL-SCALE © MODEL SCALE 
TOTAL DATA 
Area se. 3 Fe@ ene eae een RneEE Aa 
Plan form iC hea 
Span (Theo! - In 25.72 SCA a 
Aspect Ratio ones Oo. ae —1.£75__ 
Ro*2 of Taper —— 0207. eae F.0 y Ga 
taper Ratio 9,404 Q.kou 
Sweep Back Angles, degrees 
Leading Edge wow $2000. aC We'e'o ee 
Trailing Edge ae HT 25.947 
‘ — Element Line 41.230 4730 
ords: 
Root (Theo) WP 208.50 10.874 
Tip (Theo) WP pete): Ay ae — 4.393 
MAC ~192.8) at. Wo (o)- 
Fus. Sta. of .25 MAC 2462.50. Ws 
W. P. of i MAC 435.52 25.738. 
B. L. of .25 MAC 0.0 O09 
Airfoil Section — 5 
Leading Wedge Angle - Jeg 10.000 10.020. 
Trailing Wedge Angle - Deg pomn U' -0 Bee =/c eee 
Leading Edge Radius ___ bh an ae Vt Ge 


Void Area 13.17. 3.022. 
Blanketed Area aaa 
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TABLE III. - MODEL CIMENSION:.L DATA - Continued. 
MODEL COMPONENT: VERTICAL = Vyi,__ _ 


GENERAL DESCRIPTION: Centerline vertical tad) with rudder and/or speed bral 








DRAWING NUMBER: VL7O-OOO1L4OA, VL7Z0 -OOOLL6A, 55-400088 
DIMENSIONS; FULL -SCALE MODEL SCALE 
JOTAL DATA 
Area (Theo) - Ft® _ 
Planform ~_ 4) 3. 25 ar 27 ee a7 
Span (Theo) -In 315.72 12.787. 
Aspect Ratio 1675 L675 
Rate of Taper 0.507 0.507 
Taper Ratio es 
Sweep Back Angles . degrees 2104 20 
Leading Edge 
Trailing Edge ——— 
m 0.25 Element Line ae THE 411% 
ords; 
Root (Theo) WP 268.50 10,874 
Tip (Theo) wP 108. L393 
OO i ie aa ea 8.092 
Fus. Sta. of. 1463,50 ae? P= 7 
W. P. of .25 MAC 635,52 25730 
B. L. of .25 MAC 
Airfoil Section a paereaed 
Leading Wedge Angle - Deg 10.009 10.000 
Trafling Wedge Angle - Deg 14.920 1 
Leading Edge Radius L b6é . AE 
Void Area 13.17 
Blanketed Area 


TT 





TABLE III. - MODEL DIMENSIONAL DATA - Continued. 
M)DEL COMPONENT: VERTICAL ~ V 


Se Ao ES EN EL 


GENERAL DESCRIPTION: Centerline vertical tail with rdder and/or speed brake 


capability with 6.12 inch radius contour extending from root to tipatt 





of hingeline. Used with RUDDER - 


Ee 


MODEL SCoLE; 0.0405 eee ee SS ees oe 


DRAWING NUMBER: VLZO-0007 408, VLZO-OOOLE', Ss-A00088 
DIMENSLONS : FULL-SCALE MODEL SCALE. 
TOTAL DATA 
Area (Theo) - Ft Seer eee eee 
Plan form eile Bie bn 04: eae 
Span (Theo) -In ery ae ew (aa 
Aspect Ratio pee oy eee Sey, neon 
Rate of Taper OD 07 
Taper Ratio 240 22404 
Sweep Back Angles, degrees 
Lead’ng Edge 45.000. £000 es 
Trailing Edge 2 Qk oe 
. Richy Eiement Line [ie eee a co Sas 
ords; 
Root (Theo) WP 268.50... LO BT ee 
Tip (Theo) WP Bi ae Hh ZIG ome 
MAC 199,8) Bu092 a 
Fus. Sta. of .25 MAC 1463.50 So bee 
W. P. of «25 MAC Oe clave &); 
B. Lt. of .25 MAC anes 2 Dees 020) 
Airfoil Section 
Leading Weage Angle - Dey 10,200. 10204. 
Trailing i'edge Angle- Deg 0 Lb DED earn 
Leading Edge Radius ela thi TG ces 
Void Area poe ic OS cose (00a 


Blanketed Area 
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TABLE III. - MODEL DIMENSIONAL DATA ~ Continued. 


MODEL COMPONENT: VERTICAL = Vi- 


GENERAL DESCRIPTION: centerline vertical tail with rudder andlor cneed 
ee ee Se ee ee eee 





DRAWING, NUMBER: VIZO=Q001KOL, VIZO-O00ILEA, SS-£00088 
DIMENSIONS ; FULL -SCALE MODEL SCALE 
TOTAL DATA 
Area (Theo) - Fté 
Planform W125 0.678 
Span (Theo) - In 215.72 12,787 
Aspect Ratio LATS L675 
Rate ~f Taper 0,507 0.507 
Taper Ratio Qkok O4Ou 
Sweep Back Angles, degrees 
Leading Edge 4S 900 45 000 
Trailing Edge 25.947 25.947 
- my Element Line 1.130 4} 230 
ords: 
Root (Theo) WP se 10,874 
Tip (Theo) WP 108.47 4. 393 
MAC SL 8.092 
Fus. Sta. of .25 MAC ERG 59.272 
W. P. of .25 MAC 635.52 25.238 
B. L. of «25 MAC 0.9 Q.0 
Airfoil Section 
Leading Wedge Angle - Deg 1,0..900 10..000 
Trailing Wedge Angie Deg 14.920 4.920 
Leading Edge Radius 1466 AG 


Void Area ora Kec Pe hie Ae po © We 0 =) nee 
Blanketed Area 
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TABLE III. - MODEL DIMENSIONAL DAT; — Continued. 


MODEL COMPONENT: VERTICAL ~ V 
neeeneteeneeneneietnterenes: “5 gmemeemeterneenenmemtenenerenemen ee 


GENERAL DESCRIPTION: viens t 


= > 


aoe Sabability witbhiibe contour forward of the rudder bingeline modified 
SERS 0 OTE OH CLO Sebo Bet 10 0 Lo) a re ee ee ee ee ae ee 
Sc a es 


DRAWING NUMBER: -VL70-0001W0u, VL70.0001%6A, $3-00088 
DIMENS IONS : FULL -SCALE MODEL SCALE 
TOTAL DATA 
Area (Theo) - Fté 
fhe b1 3.25 Q.678 
Span (Theo) - In 315.72 12.787 
Aspect Ratio 1.675 L.AZS5 
Rate of Taper Q..507 0.507 
Taper Ratio Q bok Ook 
Sweep Back Angles, degrees 
Leading Edge 5 900 15000 
Trailing Edge 25.947 25 .9h7 
0.25 Element Line 4) 1.30 474130 
Chords: 
Root (Theo) WP 268.50 10.87 
Tip (Theo) WP 108.47 M393 
MAC 199,83 R092 
Fus. Sta. of .25 MAC 1463.50 52.272 
W. P. of .25 MAC 635.52 335.738 
B. L. of «25 MAC 0.0 Ou 
Airfoil Section 
Leading Wedge Angle - Deg 10.000 10.000 
Trailing Wedge Angle Deg 1.420 Wan 920 
Leading Edge Radius 1466 LAS 
mio IN )2)-Reaaaes 


Void Area 13.17 
Blanketed Area = 
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TABLE ITI. — MODEL DIMENSIONAL DséTy. - Continued. 


MODEL COMPONENT: — WING-W, .. 


SENERA_ DESCRIOTION: Orbiter delis wing configuration used on BODY - Bog wit 
tue adcition of 2 lower surface ellintical LE added to the M50 svigunt 
portion of the wing. Tangency points are at the L.E. and 30% chord element. 


No change made to the planform area. MODEL SC+LE: 0.0405 
ZEST_ND. OWG. NO- vi70 0001 4OR, viL70-000400 
DIMENSIONS: FULL=SCALE MODEL SCALE 
TOTAL DATA 2 
Area (i1e0.)- -Ft 
Planform 


£020.00. 
Span (Theo- In. 926.68 
Aspect Ratio 2 265 
Rate of Taper 1.177 
Taper Ratio 2.500 2,500 
Dihedral Angle, degrees 0.500 ae 5 
Incidence Angle, degrees 3,000 
Aerodynamic Twist, degrees 
Sweep Sack Angles, degrees 
i zading Edge 4S 000 
Trailing Edge - 10.056 
0.25 Element Line 35,209. - 
Chords: 
Root Leg B.P.0.0. 
Tip, (Theo) 8.P. 
MAC 


Hh 


Fus. Sta. of .25 MAC 
WeP. of «25 MAC 2Ol 
B.L. of .25 MAC 


EXPOSED DATA 9 
rea o)- Ft 
Span, (Theo) - In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 
Root BP108 
Tip 1.00 b 


MAC 
Fus. Sta. of .25 MAC 
WeP. of .25 MAC 
Bol. of .25 MAC 
Airfoil Section (Rockwell Mod NASA) 
XXXX~64 
eae * -425 Root % 


ee 1.000 Root % 


Data for (1) of (2) Sides 
Leading Edge Cuff 9 
Planform Area Ft ; 
Leading Edge Intersects Fus M. L. @S 
Leading Edge Intersects Wing @ Sta 


al FE FRPP HA 
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TABLE III. — MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: WING-W ev 


GENERAL DESCRISTION: Orbiter delta 1. configuration uscd on BODY - By 





Premereaen 918151 Fae OF 1A EO e610 [> ee ee a a 





VL70-000140B 


TOOT Nos OWG. NO. yi70-000400 
DIMENS IONS : FUL! -SCALE MODEL SCALE 
TOTAL DATA 2 
Planform 2690 .00 by 
Span (Theo- ln. 936.68 37,236 
Aspect Ratio 2.265 24.265 
Rate of Taper Lely? L177 


Taper Ratio 
Dihedral Angie, degrees 
Incidence Angie, degrees 


Aerodynamic Twist, degrees 2.000 3,000 
Sweep Back Angles, degrees 
Leading Edge 15 900 45.000 
Trailing Edge -_ 19.056 -10,056 
di eee Element Line 35.209 35.209 
ords: 
Root pas B.P.0.0- 689,24 27. 91h 
Tip, (Theo) B.P. 137,85 5583 
MAC K7y 8) 19.230 
W. DP, of 029 MAC 29] Aele) 3 786 
B.L. of .25 MAC 187,33 7587 
EXPOSED DATA ’ 2 
rea eo) -Ft 1812.22 2.973 
Span, (Theo) In. BP108 736.68 29.836 
Aspect Ratio 2.058 2.058 
oe Ratio O.2h5 O25 
hords 
Root BP108 , 23.110 
Tip 1.00 b je 54583 
MAC 354.24 LU. 345 
We P, a oe ae 222,00 L828 o 
Bol. of .25 230,08 a Wu ov 
Airfoil Section neat Mod NASA) 
eae, = 125 Root % aes (3 ee cE Ee eae 
Tip S = 1.000 Tip % pe 0-4 © ae PO EEO 


Data for (1) of (2) Sides 
Leading Edge Cuff 2 


Planform Area Ft =e 2.194. 
Leading Edge Intersects Fus M, L. @ Sta men Ean 20.4453 
Leading Edge Intersects Wing @ Sta 1084.5 492 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: TRANSITION GRIT - Xg 


GENERAL DESCRiPTION: _ Grit composed of glass beads locited af. of 


model nose and all swept surfaces to provide forced boundary layer 


transition. All dimensions are measured in the streamwise direction 


aft of the local leading edge. 
Grit Diameter - In. 


Fuselage | 0.0054 
Swept surfaces 0.0076 
Location aft of L.E., In. 1.00 
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TABLE III. - MODEL DIMENSIONAL DATA - Concluded. 


MODEL COMPONENT: TRANSITION GRIT - X19 








GENERAL DESCRIPTION: Grit composed of glass beads located aft of model 





nose, ABPS nacelles and all swept surfaces to provide forced boundary 


layer transition. All dimensions are measured in the streamwise 


direction aft of the local leading edge. 





Grit diameter - In. 


Fuselage 0.0054 
Swept surfaces 0.0076 
ABPS Nacelles 0.0076 
Strip width - In. 0.10 
Location aft of cowl L.E. 1.00 : 
a 
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Figure i. - Concluded. 
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Figure 2. - Continued. 
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Figure 2. - Continued. 
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Figure 3. ~- Model photographs. 
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APPENDIX 
TABULATED SOURCE DATA 


Tabulations of plotted data are available on request from 
Data Management Services. 
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